INTRODUCTION
============

It is often assumed heart rate consists of evenly separated beat-to-beat contractions. However, a unique feature the heart carries is its ability to beat at different paces, also known as heart rate variability (HRV) ([@b3-ijes-12-2-9]). High levels of HRV are considered a sign of autonomic flexibility and a good indication one will overcome when reacting to environmental changes and are associated with high levels of parasympathetic tone ([@b2-ijes-12-2-9],[@b4-ijes-12-2-9]). On the other hand, low levels of HRV have been shown to increase vulnerability to chronic life stress, anxiety and mood states, and sudden cardiac death and are associated with low levels of parasympathetic tone ([@b1-ijes-12-2-9],[@b13-ijes-12-2-9]). In this case, HRV is being used to predict future abnormalities in health by analyzing the autonomic nervous system (ANS) when working within the domains of frequency and time ([@b11-ijes-12-2-9]).

The parasympathetic nervous system (PNS) and sympathetic nervous system (SNS) work together to control and regulate different functions of the body including HR, therefore, producing HRV. The heart beats at an intrinsic rate of 100 beats per minute (bpm) because of the sinoatrial (SA) node ([@b8-ijes-12-2-9]). However, during rest, the PNS is active and slows HR down to an average rate of 60--80 bpm ([@b6-ijes-12-2-9]). Parasympathetic vagal nerves innervate the SA node on the heart releasing acetylcholine, causing bradycardia. Conversely, the nerves from the SNS acting on the SA node produce norepinephrine, causing tachycardia ([@b8-ijes-12-2-9]).

Much is known about HRV during rest; however, the effect of submaximal and maximal exercise intensities has yet to be examined in greater detail. Heart rate variability has been examined during cycle tests ([@b7-ijes-12-2-9],[@b9-ijes-12-2-9]) and even in static and dynamic exercises ([@b12-ijes-12-2-9]) but none, to the author's knowledge, while running. The effect of submaximal and maximal exercise on HRV should not be assumed since its behavior during REM sleep is even unpredictable. Interestingly, during REM sleep, an unsuspected behavior occurs and an "activation" of the cardiovascular system results in lower HRV than even at wakeful stages ([@b10-ijes-12-2-9]). In other words, HRV mimics the SNS during sleep, when the PNS is active. The purpose of this experiment was to understand how HRV changes from resting to submaximal and maximal exercise in distance runners and how the ANS influences this variability. Due to the influence of the SNS during exercise, it is our expectation that as exercise intensity increases HRV will decrease compared to HRV at rest.

METHODS
=======

Participants
------------

The participants used for this research were from the Nebraska Wesleyan University Division III Track and Cross Country teams ranging from 18--22 years of age (*n* = 8; [Table 1](#t1-ijes-12-2-9){ref-type="table"}). Exclusions from this research included any injuries limiting fluid range of motion while running, smoking within the prior year or the inability to complete the experimental design. Both men and women were included in this study (Men = 5; Women = 3). An informed consent was given and signed by the participants before data collection began. This study was approved by the Health and Human Performance Research Review Board at Nebraska Wesleyan University.

Protocol
--------

This study examined the differences in HRV between submaximal, maximal exercise with HRV and resting HRV. The participants were connected to an electrocardiogram (EKG) machine to collect R-R intervals and completed a VO~2max~ test on a treadmill. The R-R intervals were recorded and interpreted for five minutes at rest, during the second minute of running (submaximal), and during the final minute of exercise before their maximal intensity was reached (maximal). HRV was measured using a Biopac (MP35, Biopac Systems Inc., Goleta, CA). Three electrodes were placed over the thoracic cavity by using Einthoven's Triangle (Lead II). An electrocardiograph displayed the PQRST wave and represented beat-to-beat interactions of the heart. The time interval between the R-wave of the initial beat to the R-wave of the succeeding beat was recorded for five minutes to determine each R-R interval. The same procedure was carried out when the athletes were running at submaximal and maximal intensities during the VO~2max~ test ([@b5-ijes-12-2-9]). The participants began jogging at 8.0 mph (7:30 min/mi) and progressively increased their speed by a 1.0 mph after each two-minute interval. This continued until they reached their maximal intensity. If the athlete's terminal point was not reached in the first ten minutes, or if the treadmill no longer could produce the necessary speed for exercise, a grade inclination of 1% was added each minute after.

R-R intervals were calculated during the second minute of running and the final minute before reaching exhaustion during the VO~2max~ test. Finally, the standard deviation of R-R intervals (SDNN) was calculated for each of the three states to examine any differences in HRV between resting, submaximal, and maximal exercise states. Additionally, the difference between the largest and smallest R-R interval (MAX-MIN R-R) recorded was calculated for each of the three states.

VO~2max~ was also obtained during this study using a metabolic cart (TrueOne 2400, Parvomedics, Sandy, UT). The participant was equipped with a mouthpiece, headgear, and nose clip and connected to a metabolic cart. The metabolic cart confirmed that participants were at or near max based on repeating VO~2~ values. Age-predicted maximal HR was also used to conclude if a participant had reached their maximal state.

Statistical Analysis
--------------------

Data are presented as a mean ± standard deviation. All HRV data were evaluated for differences between resting, submaximal, and maximal states by a one-way ANOVA. A Tukey's post-hoc test was used if significant differences occurred. Statistical significance was set at *p* ≤ 0.05.

RESULTS
=======

The average R-R intervals at rest, submaximal, and maximal exercise were 0.961 ± 0.155 s (64 bpm), 0.413 ± 0.018 s (146 bpm), and 0.321 ± 0.008 s (187 bpm), respectively ([Figure 1](#f1-ijes-12-2-9){ref-type="fig"}).

As HR increases there is a noticeable decrease between R-R intervals. There were significant differences in SDNN from rest to submaximal (0.108 ± 0.055 s to 0.009 ± 0.003 s, *p* = 0.047), and from rest to maximal exercise (0.108 ± 0.055 s to 0.006 ± 0.002 s, *p* = 0.047; [Figure 2](#f2-ijes-12-2-9){ref-type="fig"}). However, no significant differences were seen between submaximal and maximal exercise (0.009 ± 0.003 s to 0.006 ± 0.002 s, *p* = 0.222; [Figure 2](#f2-ijes-12-2-9){ref-type="fig"}).

Likewise, there were significant differences in Max-Min R-R differences from rest to submaximal exercise (0.817 ± 0.549 s to 0.044 ± 0.030 s, *p* = 0.047), and from rest to maximal exercise (0.817 ± 0.549 s to 0.033 ± 0.010 s, *p* = 0.047; [Figure 3](#f3-ijes-12-2-9){ref-type="fig"}). However, like SDNN, there were no noticeable changes observed between submaximal and maximal exercise (0.044 ± 0.030 s to 0.033 ± 0.010 s, *p* = 0.222; [Figure 3](#f3-ijes-12-2-9){ref-type="fig"}).

DISCUSSION
==========

The aim of this study was to examine the differences in HRV during exercise at submaximal and maximal intensities. In support of our hypothesis there wasn't an intensity-dependent effect on HRV, rather when running began, the PNS withdrawal and SNS activation produced a dramatic decrease in HRV at both submaximal and maximal exercise intensities compared to resting.

There were limitations to this study. Due to time constraints during the indoor track season, only eight participants could complete the study. A larger participant group would have emphasized the findings of this study. Another limitation of this study was that the wires, tubes, and straps being used during the VO~2max~ test were constraining to natural running. Ideally, wireless equipment would allow participants to run without any interference.

Finally, if true HRV were to be compared between the SNS and PNS, beta-blockers should have been used during the submaximal and maximal parts of the experiment to isolate the PNS, however, maximal exercise would have occurred much earlier. On the other hand, muscarinic receptor blockers could have been used during the resting condition to isolate the SNS. However, this was beyond the scope of this study.

As stated before, having an elevated HRV predicts one's ability to meet environmental stresses. On the other hand, having a lower HRV puts an individual at risk to abnormalities like cardiovascular disease ([@b1-ijes-12-2-9]). Since HRV is lower when under sympathetic innervation one area to question is whether this puts an individual at risk for irregular heart function during exercise. However, this interpretation is non-conclusive because no abnormal EKG readings were observed during testing and this study did not consider these kinds of EKG readings with great detail.

Additionally, if this area in HRV is studied in further detail in relation to exercise, the cardiac tissue would need to be examined closely to see how the M~2~ and β~1~ receptors contribute to receiving acetylcholine and norepinephrine, their respective neurotransmitters, from the sympathetic and parasympathetic nervous systems at different contraction rates. This may help explain in greater detail the differences seen when comparing HRV at different exercise intensities.

The results from this study suggest that at rest, there is a greater variability in HR in comparison to submaximal and maximal exercise, where HRV is practically non-existent. Unexpectedly, there were no differences in HRV between the two exercise intensities. The differences in HRV from rest to exercise likely occur at the cell-signaling level where during exercise, the activation of the β~1~ receptor on cardiomyocytes increases HR and automaticity of the heart. Further research at the receptor level regarding their signaling during exercise is needed to continue evaluation of these differences in HRV.
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###### 

Participant characteristics (*n* = 8).

  Descriptive            Men            Women
  ---------------------- -------------- ---------------
  Age (yrs)              20.40 ± 1.14   20.33 ± 0.58
  Height (cm)            178.4 ± 2.70   161.0 ± 10.15
  Weight (kg)            69.78 ± 9.22   51.67 ± 1.44
  VO~2max~ (mL/kg/min)   61.02 ± 6.47   55.87 ± 3.84

Data are presented as mean ± SD
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